UV absorption by aflatoxins was monitored in GY agar medium by UV photography. In the UV photographs, aflatoxin-producing molds were identified as gray or black colonies, whereas aflatoxinnonproducing molds appeared as white colonies. By cellophane transplantation experiments and silica gel thin-layer chromatography, the products absorbing UV light substantially were found to be mainly aflatoxins B1 and Gl excreted from the mold mycelium into the agar medium. UV absorption did not occur when the agar medium contained aflatoxin-noninducible carbon sources instead of glucose. Various inhibitors of aflatoxin production, such as dichlorovos and dimethyl sulfoxide, also decreased the intensity of UV absorption. These results indicate that this technique can be used as a simple, safe, and rapid method of screening aflatoxinproducing molds.
Aflatoxins comprise a family of toxic secondary metabolites produced by certain strains of the common molds Aspergillus flavus and A. parasiticus. These toxins have been reported to be acutely toxic, teratogenic, and potent carcinogenic and mutagenic agents (5) . Although a number of screening methods have been reported for the detection of aflatoxin-producing molds, these can be mainly divided into three groups. The first group includes the standard methods, which are based on toxin production on solid or liquid substances, followed by some purification procedures and final detection by thin-layer chromatography (TLC) (3, 20) or high-performance liquid chromatography (21) . The second group includes methods for the detection of fluorescence from aflatoxins in liquid culture (19) or on agar plates (6, 12, 18) under UV light. In the third group, a small agar plug from a pure mold culture is used directly to apply the sample to the TLC-plate (14) .
In this paper, we present a new screening method based on the use of UV photography (16) . Aflatoxin-producing molds could be detected by UV photography, because the absorbance spectra of aflatoxins produced by the molds show peaks of around 362-nm wavelength (9 Media. GY agar medium (2% glucose, 0.5% yeast extract, 2% agar) (14) was used unless otherwise specified. Various carbon sources and inhibitors were separately sterilized from carbon source-free medium and then mixed. Dimethyl sulfoxide and dichlorovos (supplied by Kureha Chemical Co. Ltd.) were added aseptically after the medium had been autoclaved. Sodium benzoate and boric acid solutions were separately sterilized by filtration. The pH of the medium was not adjusted, because the intensity of UV absorption did not significantly change in the initial pH range of 4.0 to 11.0.
Culture technique. One microliter of spore suspension (approximately 400 conidia) was inoculated onto the solid agar medium. Unless otherwise specified, the aflatoxinnonproducing strain A. oi-yzae SYS-2 was inoculated as a control together with the aflatoxin-producing strain A. parasiticas SYS-4 to measure only the specific changes of UV absorption induced by aflatoxin production. The kinds of UV gray markers were photographed together with the petri dishes. While all photographs used in this manuscript were taken with a UV lens as described above, the photograph analogous to the UV photograph could be taken without a UV lens by using the Hasselblad 500 EL/M S-Planer C5,6/120 camera and Kodak no. 18A filter or Schott UV-IL interference filter (360.9 nm) on Polaroid film (type 667).
Conventional natural light photographs were taken with technical pan film 2415 and tungsten light.
Fluorescence photographs were taken by using Funa-UVlight type SL-800F, a Kodak no. 3 filter, and technical pan film 2415.
Cellophane transplantation of mold colonies. Conidiospores were inoculated and cultured on sterile cellophane paper (PS-1; Futamura Chemical Co. Ltd.) covering the surface of the GY agar medium. After incubation for 3 days at 28°C, the colonies were transplanted to another new GY agar medium by transferring the cellophane sheet. Both the remaining agar and the new transplanted agar plates were photographed from the bottom side by UV photography.
Extraction and analysis of aflatoxins. The agar medium immediately under the 3-day-old colonies was cut out after removing the 3-day-old mold colonies by taking off the cellophane sheet. The agar was disrupted by discharging it through a needle (0.70 by 32 mm; Terumo) and disposable plastic syringe. The slurry was blended twice for 30 s with a Vortex mixer with 2 ml of distilled water and 3 ml of chloroform per g of slurry. The mixture was centrifuged, and the chloroform layer was removed and retained. Chloroform extraction of the aqueous layer was repeated. The two chloroform fractions were combined and concentrated to dryness under nitrogen. Residues were solubilized in 0.5 ml of a benzene-acetonitrile (98:2) solution for TLC.
Aflatoxin analyses were performed by TLC, using silica gel plates (silica gel 60; E. Merck AG) developed with chloroform-ethylacetate-90% formic acid (6:3:1, vol/ vol/vol) (22 
RESULTS
Observation of colonies by UV photography. After culture at 28°C for 3 days, the plates were placed upside down and photographed by UV and conventional natural light photography. In the UV photographs, aflatoxin-producing strains (SYS-3, SYS-4, and SYS-6) were observed as gray or black colonies, indicating that these colonies absorbed radiated UV light (Fig. 1) . In contrast, the aflatoxin-nonproducing strain (SYS-2) formed white colonies, indicating that most of the UV light was reflected by the mold mycelium. Similar results were obtained in other aflatoxin-producing and -nonproducing molds (SYS-5, SYS-1, SYS-7, SYS-11, SYS-12, SYS-13, and SYS-14). Even by using a Schott UV-IL interference filter (360.9 nm), almost identical pictures could be taken (data not shown). These differences in absorption between aflatoxin-producing and -nonproducing molds could be determined after culturing for 1.5 days in GY agar medium (colonies about 8 mm in diameter).
On the other hand, in the conventional photographs, there was no marked difference in absorption among the aflatoxinproducing and -nonproducing strains, and all of them appeared as white colonies in the pictures.
To identify the products absorbing UV light, the cellophane transplantation method was used with A. parasiticus SYS-4. Most UV absorption of the colonies remained in the first agar medium (Fig. 2) . Thereafter, the agar immediately under the colonies of both SYS-4 and the aflatoxinnonproducing mold SYS-2 was extracted by chloroform and analyzed by TLC (Fig. 3) amounts of Bi and G1. These results indicate that UV absorption of the colonies in the UV photographs corresponded to the aflatoxins, mainly Bi and G1, produced by the molds.
Effects of carbon sources on UV absorption. Glucose, sucrose, raffinose, glycerol, and sorbose are known to be able to induce aflatoxin production (1, 2, 11). Each of them was incorporated into the GY medium instead of glucose as a carbon source. Colonies of the aflatoxin-producing strain SYS-4 absorbed UV light ( Table 1) . The thickness and carbon source concentration of the agar medium were important factors in obtaining clear results. Good results were obtained with agar medium of 2.0-to 2.5-mm thickness. By increasing the concentration of glucose, the intensity of UV Fumarate, Na-t 28°C, 3 days. "The intensity of UV absorption of mold colonies in the print was read by using the Kodak Gray Scale (Q-13), which was divided into six grades (-to "The intensity of UV absorption was read as described in footnote b, Table   1 .
The number in parentheses is the diameter of the region which absorbs UV light. (24) , p-aminobenzoic acid (10), CUSO4 (23) , boric acid (17) , and caffeine (7).
The results obtained with dichlorovos (13, 15) are shown in Fig. 4 . The UV absorption decreased when 0.14 mg of dichlorovos per ml was applied, without affecting mold growth. At a concentration of 1.4 mg/ml, growth was also inhibited. In the case of the aflatoxin-nonproducing strain SYS-2, no changes in UV absorption were observed irrespective of the presence of dichlorovos. DISCUSSION UV photography is a method enabling the recording of UV radiation as it is reflected by the subject (16 (18) previously proposed the fluorescence method, in which fluorescence of the aflatoxins diffusing into the agar medium from the mold mycelium was detected under UV light. With this method, however, it is difficult to examine a large number of colonies on agar in a petri dish, and it takes a long time (7 to 10 days) to detect aflatoxins diffusing into the agar medium. In contrast, the UV photography method described herein makes it possible to identify the production of aflatoxins even in the case of small colonies after culture for 1.5 days in GY agar, and many colonies can be examined on a single plate. Filtenborg and Frisvad (14) also proposed a screening method for toxigenic molds in pure cultures. A small agar plug from a pure mold culture is spotted onto a TLC plate and analyzed by TLC. Although the method is simple, it seems to be dangerous because the spores are scattered during the operation.
The present study also shows that the aflatoxin-producing molds could be accurately identified by examining the effects of specific inducers or inhibitors of aflatoxin production on the intensity of UV absorption in the UV pictures. Furthermore, this method may be available for the screening of aflatoxin-producing molds among a number of heterogeneous molds in foods, feeds, and soil. Of the various inhibitors examined, dichlorovos showed the strongest inhibitory effect on the intensity of UV absorption without inhibition of mold growth at a concentration of 0.14 mg/ml. This chemical has been reported to be a specific inhibitor (15) .
Finally, this screening method by UV photography should facilitate genetic studies of the aflatoxin-producing molds. For example, the use of this method in our laboratory demonstrated that isolation and characterization of aflatoxin-nonproducing mutant strains can be easily performed.
